This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES ,, 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



EP 0 321 090 A2 



16. A pharmaceutical composition according to claim 15 in the form of a solution suitable for oral 
administration to a mammal. 

17. A pharmac utical composition according to claim 15 in th form of a parenterally sterile solution 
suitable for parenteral administration. 

5 18. A pharmaceutical composition according to claim 15 in the form of a tablet or capsule. 

19. A pharmaceutical composition according to any one of claims 15 to 18 for use in controlling 
hyperlipidemia. 

20. An isoxazolidine-3.5-dione compound selected from the group consisting of 
1 . 1 -bis-[2-(4,4-diethylisoxazolidine-3 f 5-dione)]cyclohexane; 

io 2-0,4-dimethoxybenzoyl)-4 t 4-diethylisoxazolidine-3,5-dione; 
2-/4-methoxybenzoyi)-4 1 4-diethylisoxa20lidine-3 l 5-dione; 
2-<4-methyibenzoyl)-4,4-diethylisoxa20lidine-3,5-dione; and 
2-(4-chloroben2oyl)-4,4-diethylisoxazolidine-3,5-dione. 

21. The isoxazo!idine-3.5-dione of claim 20 selected from the group consisting of 
75 2-{4-methylbenzoyl)-4 t 4-diethylisoxazolidine-3.5-dione; and 

2-{4-chlorobenzoyl)-4.4-diethylisoxazolidine-3,5-dione. 
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-C - -; CH 
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where n is an integer from 3 to 8; or a group 



C 




where R 10 and R 11 have the same meanings- as R 4 or together R 10 and R n form a C 3 to C? alkylene group, 
and R 12 and R 13 , which may be the same or different, having the same meanings as R* and R 2 , provided 
that R 1 and R 2 are not both hydrogen, the pharmaceuticaily. acceptable salts, and mixtures thereof . 

9. A compound according to claim 8 wherein R 1 and R 2 are the same and are Ci to C 6 alkyl. 

10. A compound according to claim 8 or 9 wherein R 3 is -COR 4 and R 4 is selected from the group 
consisting of trimethoxyphenyl, dimethoxyphenyl, methoxyphenyl, chlorophenyl and phenyl. 

11. A compound according to claim 8 or 9 wherein R 3 is -CR 7 =CR 8 R 9 and R 7 is methyi or phenyl and 
R 8 and R 9 are hydrogen. 

12. A compound according to claim 8 wherein said compound is selected from the group consisting of: 

2-<2-propanyi)-4. 4 -diethylisoxazoiidine -3,5-dione; 
2-<1-phenylethenyl)-4,4-diethylisoxazolidine-3,5-dione; 

1 .1 - bis-[2-(4,4-diethylisoxa2oiidine-3,5-dione)]cyc!ohexane; 
2-(3A5-trimethoxyben2oyl)-4 l 4-diethyiisoxazolidine-3,5-dione; 
2-(3 ? 4-dimethoxyben2oyl)-4,4-diethylisoxa20lidine-3,5-dione; 
2-benzoyl-4,4-diethylisoxa2olidine-3,5-dione; 

2.2- bis-[2-(4,4-diethylisoxa20lidine-3,5-dione)]propane; 
2-(4-methoxybenzoyl)-4.4-diethylisoxazolidine-3,5-dione; 
2-<4-methylben2oyl)-4 t 4-diethylisoxa2olidine-3,5-dione; and 
2-{4-chloroben2oyl)-4,4-diethylisoxazolidine-3,5-dione. 

13. A compound according to claim 8 wherein R 3 is 

O 

r M r12 



11 

o 



where R 10 . R 11 , R 12 , and R 13 are each lower alkyl. 

14. A compound according to claim 8 wherein said compound is 
2-(3,4.5-trimethoxyben2oyl)-4.^'^hylisoxazolidine-3,5-dione. 

15. A pharmaceutical composition for use in human or veterinary medicine which comprises a 
pharmaceuticaily acceptable carrier and an isoxazolidine-3.5-dione compound as defined in any one of 
claims 8 to 14. 



23 



EP 0 321 090 A2 



5 



— c 



R 10 R n 




R 12 



10 



where R* c and R n have the same meanings as R 4 or together R 10 and R n form a C3 to C7 alkylene group, 
and R' 2 and R 13 , which may be the same or different, have the same meanings as R 1 and R 2 . provided that 
R' and R 2 are not both hydrogen, the pharmaceutical^ acceptable salts, and mixtures thereof, for the 
manufacture of a medicament for the treatment of hyperlipidemia. 

2. Use according to claim 1 wherein R' and R 2 are the same and are Ci to C6 alkyl. 

3. Use according to claim 1 or 2 wherein R 3 is -COR 4 and R 4 is selected from the group consisting of 
trimethoxyphenyl, dimethoxyphenyi. methoxyphenyl, chlorophenyl, methylphenyl, and phenyl. 

4. Use according to claim 1 or 2 wherein R 3 is -CR 7 = CR 8 R 9 and R 7 is methyl or phenyl and R 8 and R 9 
are hydrogen. 

5. Use according to claim 1 wherein said compound is selected from the group consisting of: 
2-(2-propenyl)-4,4-diethylisoxazolidine-3,5-dione; v t - 
2-n-phenylethenyl)-4 < 4-diethylisoxazolidine-3 I 5-dione; : 

1 .1 -bis-[2-(4 1 4-diethylisoxa2olidine-3,5-dione)]cyclohexane; 

2-(3.4,5-trimethoxyben2oyl)-4.4-diethylisoxa2olidine-3,5-dione; 

2-(3.4-dimethoxybenzoyiH.4Kjiethylisoxa2olidine-3 ? 5-dione; 

2-ben2oyl-4,4-diethynsoxazolidine-3,5-dione; 

2^-bis-[2-(4 T 4-diethylisoxazolidine-3,5-dione)]propane; 

2-(4-methoxybenzoyl)-4.4<iiethy!isoxa2olidine-3.5-dione; 

2-(4-methyIbenzoyl)-4,4-diethylisoxazolidine-3,5-dione; and 

2-(4-ch(orobenzoyl)-4 t 4-diethylisoxazolidine-3,5-dione. 

6. Use according to claim 1 or 2 wherein R 3 is 



where R 1C , R M , R 12 . and R 13 are each lower alkyl. 

7. Use according to claim 1 wherein said compound is 2-(3,4,5-trimethoxybenzoyl)-4»4- 
diethy!isoxazolidine-3,5-dione. 

8. An isoxazolidine-3,5-dione compound for use as a pharmaceutical having structural formula I as 
defined in claim 1 wherein 

R 3 is a group -COR 4 where R 4 is hydrogen, lower alkyl, substituted lower alkyl, cycloaikyl, substituted 
cycloaJkyl, aryl, or substituted aryl; a group -CONHR 5 where R 5 has the same meaning as R 4 ; an 
alkoxycarbonyl group -CO2R 6 where R s has the same meaning as R 4 ; an alkenyl group -CR 7 =CR 8 R 9 
where R 7 , R 8 and R 9 , which may be the same or different having the same meaning as R 4 ; a cycloalkenyi 
group 



35 



0 



40 




O 



45 



22 



EP 0 321 090 A2 



10 



15 



Ina radiant 

UIVJlwWIVlll 


Amount nar 




ml 


VAjrnpounu u 


75.0 mg 


Sodium lauryl sulfate 


25.0 mg 


Hydroxypropylmethylcellulos . 


100.0 mg 


Sucrose 


50.0 mg 


Flavor and Color 


q.s. 


Water 


q.s. 1 .0 ml 



The sodium lauryi sulfate, hydroxypropylmethylcellulose, flavor and color are triturated with the active 
compound. This mixture is then blended with 0.5 ml water and sucrose, and additional water is added to 
make the total volume 1 .0 ml of suspension. 

Toxicity Studies 
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The toxicity studies performed to date demonstrated LDso values >500 mg/kg in CFi male mice 
(approx. 25 g). 



Claims 

1 Use of an isoxazolidine-3, 5-dione compound having the structural formula: 




N R 3 



(I) 



35 

wherein R 1 and R 2 , which may be the same or different provided both are not hydrogen when R 3 is an 
alkenyl or cycloalkenyl group, are selected from the group consisting of hydrogen; alky I of 1 to 18 carbons; 
substituted alkyl of 1 to 18 carbons; cycloalkyl of 4 to 10 ring carbon atoms; substituted cycloalkyl of 4 to 

M 10 ring carbon atoms, aikoxy of 1 to 8 carbon atoms; amido; carbamoyl; acyloxy; alkoxycarbonyl; halogen; 
aryl and substituted aryl; or together R' and R 2 form a Ca to C7 alkylene group; and 
R 3 is hydrogen; lower alkyl; substituted lower aikyi; cycloalkyl; substituted cycloalkyl; aryl; substituted aryl; a 
group -COR 4 where R 4 is hydrogen, lower alkyl, substituted lower alkyl, cycloalkyl. substituted cycloalkyl, 
aryl, or substituted aryl; a group -CONHR 5 where R s has the same meaning as R 4 ; an alkoxycarbonyl group 

45 .C0 2 R 6 where R 6 has the same meaning as R 4 ; an alkenyl group -CR 7 =CR 8 R 9 where R 7 . R 8 and R 9 , 
which may be the same or different, have the same meaning as R 4 ; a cycloalkenyl group 



so 



-C 
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(CH 2 ) n 



CH 



wh re n is an integ r from 3 to 8; or a group 
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Ingredient 


Amount per 
tablet 


Compound D 
Lactose 
Corn Starch 
Magnesium stearate 


150.0 mg 
100.0 mg 
15.0 mg 
1.0 mg 



The active compound is finely ground and intimately mixed with the powdered excipients (lactose, corn 
starch, and magnesium stearate). The formulation is then compressed in a die to produce the tablet 

B. COATED TABLET 



Ingredient 


Amount per 
tablet 


Core 


Compound D 
Corn Starch 
Magnesium stearate 


150.0 mg 
25.0 mg 
2.0 mg 


Coating 


Lactose 
Com Starch 
Gelatin 


200.0 mg 
50.0 mg 
10.0 mg 



The active ingredient and starch are granulated with water and dried. Magnesium stearate is added to the 
dried granules. Lactose and starch are granulated with 10% w/v aqueous solution of gelatin and dried. 
Magnesium stearate is added to the dried coating granules. The granulated core is compressed with the 
granulated coating in a conventional compression molding press. 

C. CAPSULE 



40 


Ingredient 


Amount per 






Capsule 




Compound D 


150.0 mg 




Lactose 


200.0 mg 


45 


Magnesium stearate 


10.0 mg 



The finely ground active compound is mixed with the powdered excipients and packed into a two part 
gelatin capsule. 

so D. SUSPENSION 
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Example 11 



Testing of Hypertipidemic Mice 

5 

A group of six CP male mice (about 25 g) was placed on a commercial diet (U.S. Biochemical 
Corporation BAsal Atherogenic Test Diet) which produced a "hyperlipidemic" state. That is, the average 
serum cholesterol level in the group of treated mice was raised from 122 to 375 mg % and triglyceride 
levels were raised from 137 to 367 mg/dl. 
ro Upon reaching these hyperlipidemic levels, the mice were administered Compound D in a concentration 
of 20 mg/kg/day intraperitoneally for 14 days while continuing the diet. On Day 14, serum cholesterol and 
serum triglyceride levels were measured in accordance with the procedure of Example 10. The serum 
cholesterol level was found to be lowered by 40% from 375 mg % to 150 mg % while the serum 
triglyceride level was reduced by 51% from 367 mg/dl to 187 mg/dl. 



Example 12 



20 Serum Testing of Normal Rats 

A test solution of Compound D, 2-(3,4,5-trimethoxybenzoyl)-4 1 4-diethylisoxa2olidine-3,5-dione, was 
suspended in an aqueous solution of 1% CMC, homogenized and administered orally to six Sprague- 
Dawley male rats, which each weighed approximately 350 grams. Similarly, six Sprague-Dawley male rats 
25 of approximately the same weight were administered similar volumes of the same aqueous 1% CMC 
solution without the active agent. Compound D, also orally. In each case, administration was by intubation 
needle at 20 mg/kg/day for 14 days. In addition, as a control, a similar group of six male Sprague-Dawiey 
rats were untreated. 

On days 7 and 14. blood was obtained from each of the rats of the three groups by tail vein bleeding. 
30 The blood obtained was separated by centrifugation for three minutes. Serum cholesterol and triglyceride 
levels were determined in accordance with the procedure of Example 10. 

The results of this test indicated that the serum cholesterol levels of the rats treated with the inert agent, 
the 1 percent CMC solution, was 100 percent both on Day 7 and on Day 14 when compared to the serum 
cholesterol level of the control rats. However, the rats treated with Compound D of the present invention 
35 were found to have a serum cholesterol level of 77 percent on Day 7, and of 61 percent on Day 14 when 
compared to the average serum cholesterol level of the control rats. 

The serum triglyceride test demonstrated a serum triglyceride concentration of 100 percent for the 
group of rats treated with the aqueous 1 percent CMC solution on Day 7 and a serum triglyceride level of 
100 percent on Day 14 compared to the average serum triglyceride concentration of the control rats. 
40 The rats treated with a concentration of 20 mg/kg/day of Compound D of the present invention had an 
average serum triglyceride level of 64 percent on Day 7 and a serum triglyceride level of 43 percent on Day 
14 compared to the serum triglyceride average level of the control mice. 
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Testing of Normal Mice 

The ten compounds listed in Table II beiow were tested for their hypolipidemic activity in CFi mice. 

Table II 



w 
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Compound 
No. 



A 
B 
C 
D 
E 
F 
G 
H 
I 

J 



Name 



2-(2-propenylH,4-diethylisoxazolidine-3,5-dione 

2-(1-phenyletheny!K,4-diethylisoxazolidine-3,5-dione 

1 ,1 -bis-{2-(4,4-diethylisoxazolidine-3,5-dione)]cyclohexane 

2-(3A5-trimethoxybenzoylH.4-diethyiisoxa2oIidine-3,5-dione 

2-benzoyl-4,4sjiethylisoxazoiidine-3,5-dione 

2,2-bis-[2-(4.4-diethylisoxa2olidine-3.5-dione)]propane 

2-(3,4-dimethoxyben2oyl)-4,4-diethylisoxa20lidine-3,5-dione 

2-{4-methoxybenzoylH,4-diethylisoxazolidine-3 t 5-dione 

2-(4-methylbenzoyl)-4.4-diethylisoxazolidine-3 f 5-dione 

2-{4-chlorobenzoylH,4-diethylisoxazolidine-3,5-dione 



35 



Compounds A-J as defined above, were suspended in an aqueous 1 percent carboxymethylcellulose 
(CMC) solution and homogenized. Each of the so prepared compounds were administered to a group of six 
CF- male mice, each weighing approximately 25 grams, intraperitoneal ly for 16 days. Each of these 
compounds were provided in a dosage of 20 mg/kg/day ip. On days 9 and 16 blood was obtained by tail 
vein bleeding. The blood serum so obtained was separated by centrifugation for three minutes. Serum 
cholesterol levels were determined by a modification of the Liebermann-Burchard reaction (Ness, Clin, 
Chim. Acta. , Vol. 10, 229 [1964]). Serum triglyceride levels were determined on Day 16 by use of the 
Fisher, Hycel Triglyceride Test Kit. 

In addition to the above-described treated mice, an untreated control group of six mice were similarly 
tested on Days 9 and 16 to determine their serum cholesterol and trigylceride blood levels. Based on the 
results obtained for the untreated control group, the percent control, based on serum cholesterol and serum 
triglyceride levels of the treated mice compared to the untreated mice, was obtained. Table III reports this 
percent control, including standard deviation, indicating the level of confidence of these numbers. 

Table 111 
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Compound No. 


Serum Cholesterol* 


Serum 
Triglyceride 


Day 9 


Day 16 


Day 16 


A 


70±7 


7514 


7H6 


B 


71 15 


6316 


7114 


C 


8617 


7317 


7719 


D 


8216 


5115 


6616 


E 


7715 


5316 


6317 


F 


9514 


5716 


6818 


G 


81 


77 


84 


H 


89 


62 


63 


I 


73 


46 


86 


J 


64 


45 


76 


1% Carbonymethycellulose 


10016 


10015 


10017 



55 



control + or - the standard deviation. 
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(t, 6. CH 3 ); high resolution MS. calc'd for: Ci 5 H 17 N0 3 : 259.1208. Found: 259.1209; MS m/z (rel. intensity) 
259 (44), 215 (48). 199 (85). 108 (89) and 106 (100). Elemental Analysis : Calc'd for: Ci S H,7n0 3 :C, 69.48; H, 
6.61; N, 5.40. Found: C.69,64; H. 6.91; N, 5.04. 

5 

Example 9 - 



Preparation of 1 l l'bis-[2-(4,4-Diethylisoxa2ondine'3 t 5'dione)]cyciohexane 

10 

A. In the Presence of Excess Triethylamine 

A solution of 2.26 g (0.0200 mol) of cyclohexanone oxime and 6.06 g (0.0600 mol) of triethylamine in 
is 150 ml of diethyl ether, which has been dried by distillation over lithium aluminum hydride, was prepared in 
a 500 ml three-neck flask. The flask was fitted with an addition funnel, a condenser, and a calcium chloride 
drying tube. The solution containing 3.92 g (0.0199 mol) of diethylmalonyl chloride in 100 ml of dry diethyl 
ether was added dropwise over a one-hour period. The solution was stirred at room temperature for 24 
hours. The white precipitate was removed by suction filtration to give 5.01 g (91.1%) of triethylamine 
20 hydrochloride: mp 260-263* C dec. The clear yellow filtrate was extracted three times with 200 ml of 10% 
hydrochloric acid, dried (MgSOO. and concentrated to give 3.4 g of a clear brown oil: IR(neat) 2952(s), 
1817(s). 1728(s), and Il30(m) cm" 1 ; ] H NMR (CDCI 3 ) « 5.9(m), 2.7-l.4(m), and 0.90(t). The crude product 
was allowed to stand at room temperature for 24 hours. White granular crystals gradually precipitated. The 
oil was dissolved in 30 ml of methanol, and the crystals were collected by suction filtration to give 0.34 g 
25 (8.6%) of 1,1-bis-[2-(4,4-diethylisoxazolidine-3,5-dione)] cyclohexane: mp 102-103* C; IR (Nujol) 1810(s), 
1715(s), and 1120 cm-'(m); 1 H NMR (CDCI3) 5 2.58 (m, 4), 2.2-1.2(m, 14), and 0.95 (t. 12). Elemental 
Analysis: Calc'd for: C 2 oH 3 oN 2 06: C, 60.89, H, 7.67. Found: C, 60.91; H, 7.62. 



30 B. In the Presence of a Stoichiometric Amount of Triethylamine 

A solution of 2.26 g (0.0200 mol) of cyclohexanone oxime and 4.40 g (0.0400 mol) of triethylamine in 
150 ml of diethyl ether, which had been dried by distillation over lithium aluminum hydride, was prepared in 
a 500 ml three-neck flask. The flask was fitted with an addition funnel, a condenser, and a calcium chloride 

35 drying tube. The solution was cooled to 0* C in an ice-water bath with stirring. A solution containing 3.92 g 
(0.0199 mol) of diethylmalonyl chloride in 100 ml of dry diethyl ether was added dropwise over a one-hour 
period. The reaction solution was stirred at room temperature for 24 hours. The white precipitate was 
removed by suction filtration to give 5.00 g (90.9%) of triethylamine hydrochloride: mp 260-263* dec. The 
clear yellow filtrate was concentrated under reduced pressure to give 3.7 g of a clear brown oil: IR(neat) 

40 1935(s), 2865(m), 1706(s). and 1120 (m)cm" 1 ; ! H NMR (CDCI3) S 5.93<m), 2.8-1 .2(m) 1.75(q), and 1.93(t). 
Anaiysis by HPLC was performed on a Whatman Partisil-10, ODS-2, 25 CM, reverse-phase column using a 
detector wavelength of 254 nm, a solvent flow rate of 3.0 ml/min. t and a solvent system of wateracetonttriie 
(40:60). Peaks appeared at t R 0.80 (33.1%), 2.05 (0.6%), 1.50 (2.3%), 4.35 (55.4%) and 8.15 (8.6%) 
minutes. The crude oil was allowed to stand at room temperature for 24 hours. White granular crystals 

45 gradually precipitated. The oil was dissolved in methanol and the crystals were collected by suction filtration 
to yield 0.50g (13%) of 1,1-bis-(2-(4,4-diethyl!SOxa2olidine-3 f 5-dione)]cyclohexane as white crystals: mp 
102-103* C. The white crytals were recrytallized from 10 ml of low boiling petroleum ether to give 0.46 g of 
pure 1 , 1 -bis-[2-(4,4-diethy lisoxazolidine-3,5-dione)lcyclohexane: mp 102-103° C; IR (CHCI 3 ) 1810(s) and 
1715 (sjcm- 1 ; UV max (CH 3 OH) 226 nm ( € 2500); 'H NMR (CDCI 3 ) 6 2.63(m,4) 2.2-1.2(m.14), and 0.95- 

50 (t,12); high resolution MS, calc'd for: Ci 3 H 2 oN 0 3 : 238.1443; found: 238.1444; MS m/z (rel intensity) 238 
(66%), 193 (10%), 164 (11%). 98 (26%), 97 (57%), 95 (100%). The brown methanol solution was 
concentrated under reduced pressure to give 3.1 g of a clear brown oil containing 2-(1-cyclohexenyl)-4. 4 - 
diethylisoxazolidine-3.5-dione: IR(neat) 2915(s) ( 1818(s). 1715(s), and 1128(m) cm" 1 ; *H NMR (CDCI 3 ) 6.16 
(broad.s), 3.1(s) f 2.6(m), 2.2-1 .2(m), 1.1-0.6(m). Analysis was perform d by HPLC using the conditions 

55 described above to giv peaks at t n 0.80 (42.6%). 1.95 (0.8%). 4.30 (46.8%), and 8.25 (9.7%) minutes. 
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Example 8 - 



Preparation of 2-(1-Phenylethenyl)-4,4-diethyl isoxazolidine-3,5-dione 

5 _ ~ 

A. In the presence of Excess Triethylamine 

A solution of 5.40 g (0.0400 mol) acetophenone oxime and 11.4 g (0.113 mol) of triethylamine in 200 ml 
w of diethyl ether, which had been dried over lithium aluminum hydride, was prepared in a 500 ml three-neck 
flask. The flask was fitted with an addition funnel, a condenser, and a calcium chloride drying tube. The 
solution was cooled to 0*C in an ice-water bath with stirring. A solution containing 7.94 g (0.0400 mol) of 
diethylmalonyl chloride in 100 ml of dry diethyl ether was added dropwise over a one-hour period. The 
solution was stirred at room temperature for 24 hours. The white precipitate was removed by suction 
75 filtration to give 1.0 g (91%) of triethylamine hydrochloride mp 260-3* C (dec). The clear yellow filtrate was 
extracted three times with 200 ml of 10% hydrochloric acid, dried (MgSO*), and concentrated under 
reduced pressure to give 9.95 g of a clear brown oil: IR(neat) 2958(m), 2924(m), 2855(w), 181 0(w), 1752(s), 
and 1670(s) cm" 1 . 

The crude product residue was allowed to stand at room temperature for 48 hours. White granular 
20 crystals precipitated. They were separated from the brown oil by dissolving the oil in 50 ml of chlorofr- 
om:hexane (25:75) and recrystallized from 20 ml of hot petroleum ether to give 0.87 g (10%) of 1,1-bis-{2- 
(4.4-diethyiisoxazolidine-3,5-dione)]-1-phenylethane: mp 143-145* C; IR (Nujol) 3180(w), 3020(w), 1760(s), 
and 1672 (s) cm-'; UV max (CH 3 0H) 250 nm (e 10,100); 7 H NMR (CDCI 3 ) 6 10.25 (s, broad), 7.43(m), 3.75 
(overlapping s). 2.03 (q), 1.63(q), 1.06(t) and 0.47(t); high resolution MS. calc'd for: C15H1SNO3: 260.1286; 
25 found: 260.1286; Ms m/z (rel. intensity) 260 (3). 247 (45), 246 (100), 219 (52), and 105 (99). 

The chloroform:hexane solution was concentrated under reduced pressure to give 8.60 g of a brown oil 
containing 2-(1-phenylethenyl)-4,4-diethylisoxa2olidine-3,5-dione: IR(neat) 3205(w), 3085(w) f 3063(w) t 3038- 
(w) ; 2975<m) f 2940(m), 2884(w), 1835(w), 1748(s) and 1686 cm-'(S); 1 H NMR (CDCb) 5 7.35(m), 5.54 (s. 
vinyl CH), 5.43 (s,vinyl CH), 3.47(s), 3.40(s). 2.60(s). 2.38(s) 1.90 (complex, m), and 1.00 (complex, m). 

30 

B. In the Presence of a Stoichiometric Amount of Triethylamine 

A solution of 2.70 g (0.0200 mol) or acetophenone oxime and 4.04 g (0.0400 mol) of triethylamine in 
35 150 ml of diethyl ether, which had been dried by distillation over lithium aluminum hydride, was prepared in 
a 500 ml three-neck flask. The flask was fitted with an addition funnel, a condenser, and a calcium chloride 
drying tube. A solution containing 3.92 g (0.0200) mol of diethylmalonyl chloride in 100 ml of dry diethyl 
ether was added dropwise over a one-hour period. The reaction solution was stirred at room temperature for 
24 hours. The white precipitate was removed by suction filtration to give 5.2 g (94.5%) of triethylamine 
40 hydrochloride: mp 260-263 "C. The clear yellow filtrate was concentrated under reduced pressure to give 
4.8 g of a clear brown oil containing 2-(1-phenylethenyl)-4,4-diethyl isoxazolidine-3,5-dione: IR(neat) 3260 
(br, w). 2915(m). 2890<m). 2835(w), 1805(s) 1720(s) f and 1620 cnrrHs); 'H NMR (CDCb) 5 7.4 (s 
overlapping in weak m). 5.6(s). 5.5(s), 2.3(s), 2.2(s). 1.9(q). and 1.0(t). 

45 

Purification of 2-(1-Phenylethenyl)-4^di^nyiisoxazolidine-3 t 5-dione by Column Chromatography 

Analysis of crude 4,4-diethyl-2-(1-phenylethenyl) isoxazolidine 3,5-dione was performed by thin layer 
chromatography (TLC) on Bakerflex Silica Plates using methylene chloride:hexane (98:2) as the mobile 

50 phase. Components appeared at R ( 0.80, 0.78, 0.72, 0.60, 0.52, and 0.0. A sample of the crude 
isoxazo!idine-3.5-dione weighing 3.50 g (38.4% purity by HPLC) was dissolved in 5.0 ml of chlo- 
roformrhexane (98:2), and applied to a 37x2 (O.D.) chromatography column containing 60-200 mesh silica 
gel as the adsorbant The eluting solvent was chloroform:hexane (98:2) and the elution rate was 1 ml/min. 
Twenty 50 ml fractions were collected and analyzed by TLC as described above. Fractions 11, 12, 13 and 

55 14 showed a single component, R ( 0.60. These fractions were combined and concentrated to give 1.0 g of 
pure 4.4-diethyl-2-{1-phenylethenyl) isoxazolidine-3,5-dione as a viscous oil: IR(neat) 2976(w), 2938(w), 
2882(w), 1816(s), 1721(s) and 1626 (s)cm" 1 ; UV max (CH3OH) 245 nm («68Q0); 1 H NMR (CDCI3) 5 7.72 (s, 
overlapping a small m, 5, aromatic CH) 5.47 (s, 1, vinyl CH), 5.34 (s, 1, vinyl CH), 1.83 (q, 4, CH 2 ) and 0.91 
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A mixture consisting of 1.51 g (0.0100 mol) of 4-methylbenzohydroxamic acid, mp 148-150 # C (dec.) 
(lit mp 148 *C dec.. Beilstein Handbook of Organic Chemistry, series H, vol 9, p. 491). 5 ml of pyridine, 
and 100 ml of methylene chloride was prepared in a 250 ml round bottom flask. The mixture was cooled In 
an ice bath, and 1.977 g (0.0100 mol) of diethylmalonyl chloride was added dropwise over a 15 minute 

s period with stirring. The reaction mixture was stirred for 2 hours at room temperature after which time aJI the 
hydroxamic acid had dissolved. The solution was extracted two times with 50 ml portions of water, three 
times with 50 mL portions of 5% hydrochloric acid, and two times with 50 mL portions of 5% sodium 
carbonate. The methylene chloride was dried (MgSO*) and evaporated to dryness under reduced pressure 
to give 0.94 g (34.2%) of crude 2-(4-methylbenzoyl)-4,4-diethylisoxa2olidine-3 t 5-dione as a solid residue. 

w Recrystallization of the solid from methanol gave pure 2-(4-methylbenzoly)-4,4-diethylisoxazolidine-3.5- 
dione as a white solid: mp 92-93 - C; IR (Nujol) 1805 (s.C = 0). 1747 (s. C^O). 1695 cm- 1 (s, C = 0);H t 
NMR (400 MH Zl CDCI 3 ) 57.70 (d r 2H), 7.29 (d.2H), 2.43 (s,3H), 1.95 (q. 4H), 1.00 (t. 6H); High resolutions 
MS. calc'd for: C15H17NO4: 275.1157. Found: 275.1163. Anal. Calc'd for C15H17NO*: C, 65.44; H, 6.23; N, 
5.09. Found: C, 65.24; H, 6.45; N, 5.28. 

is 

Example 6 



20 Preparation of 2'(4»Chlorobenzoyl)'4 l 4,diethylisoxazolidine-3,5-dione 

A mixture consisting of 2.70 g (0.0157 mol) of 4-chlorobenzohydroxamic acid, mp 170-171 # C (dec), 
(lit. mp 168 *C dec, Bielstein Handbook of Organic Chemistry, series H, vol 9. p. 341), 5 mi of pyridine, 
and 100 ml of methylene chloride was prepared in a 250 ml round bottom flask. The mixture was cooled in 

25 an ice bath, and 3.097 g (0.0157 mol) of diethylmalonyl chloride was added dropwise over a 15 minutes 
period with stirring. The reaction mixture was stirred for 4 hours at room temperature after which time ail the 
hydroxamic acid had dissolved. The solution was extracted two times with 50 ml portions of water, three 
times with 50 ml portions of 5% hydrochloric acid, and two times with 50 ml portions for 5% sodium 
carbonate. The methylene chloride was dried (MgSO*) and evaporated to dryness under reduced pressure 

30 to give 0.76 g (16.4%) of crude 2-(4-chlorobenzoyl)-4.4<li©thylisoxazolidine-3,5-dione as a solid residue. 
Recrystallization of the solid from methanol gave pure 2-(4-chlorobenzoyl)-4,4-diethylisoxazolidine-3,5-dione 
as a white solid: mp 98-100 *C; IR (Nujol) 1812 (s, C = 0), 1745 (s, C = 0), 1700 cm" 1 (s. C = 0); 'H NMR 
(400 MHz, CDCI 3 ) 7.77-7.80 (m. 2H). 7.49-7.52 (m, 2H). 1.99 (q. 4H). 1.04 (t. 6H); High resolution MS, calc'd 
for: Ci4Hi*NO*Cl: 295.0612. Found: 295.0615. Anal. Calc'd for: CmH^NCUCI: C, 56.86; H, 4.77; N, 4.74; 

3S CI, 11.99. Found: C f 57.04; H, 4.63; N, 4.58; CI. 11.88. 



Example 7 - 

40 

Preparation of 2-(3,4-Dimethoxybenzoyl)-4 t 4-diethylisoxazol?dine-3,5-dione 

A mixture consisting of 1.97 g (0.0100 mol) of 3,4-dimethoxybenzohydroxamic acid, mp 170-173 *C 
(dec.) (lit. mp 167-168 ° C. F. Aljundi. E. Hannig, and K. Bohm. Pharmazie , 28, 362 (1973)), 5 ml of pyridine. 

46 and 100 ml of methylene chloride was prepared in a 250 ml round bottom flask. The mixture was cooled in 
an ice bath, and 1.977 g (0.0100 mol) of diethylmalonyl chloride was added dropwise over a 15 minute 
period with stirring. The reaction mixture was stirred for 1 hour at room temperature after which time all the 
hydroxamic acid has dissolved. The solution was extracted three times with 50 ml portions of water, four 
times with 50 ml portions of 5% hydrochloric acid, and two times with 50 mi portions of 5% sodium 

so carbonate. The methylene chloride was dried (MgSOO and evaporated to dryness under reduced pressure 
to give 2.36 g (73.5%) of crude 2-(3,4-dimethoxybenzoyl)-4t4-diethylisoxa20l!dine-3,5-dione as a solid 
residue. Recrystallization of the solid from absolute ethanol gave pure 2-<3,4-dimethoxybenzoyl)-4 > 4- 
diethylisoxazolidine-3,5-dione as a white solid: mp 108-109 "C; IR (Nujol) 1805 (s f C=0), 1752 (s, C = 0), 
1693 cm"' (s. C = 0); 1 H NMR (400 MHz, CDCI3) 57.40-7.54 (m, 2H). 6.94-6.96 (d, 1H) f 3.98 (s, 3H). 3.94 (s, 

55 3H). 1.97 (q. 4H). 1.02 (t 6H); High resolution MS, calc'd for dsHtsNO*: 321.1212. Found: 321.1208. Anal. 
Calc'd for Ci 6 Hi 9 N0 6 : C, 59.80; H. 5.96; N t 4.36. Found: C, 60.04; H, 6.05; N f 4.44. 
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increments. The following fractions were collected from the column with the indicated solvent systems : 1 - 
10 <hexane:ethyl acetate, 70:30) and 11-15 (hexane:ethyl acetate, 50:50). Each fraction was analyzed by 
HPLC on a silica gel column using a solvent system of hexane:ethyl acetate (1:99). Based on the HPLC 
data, fractions 5-10 were combined and evaporated und r reduced pressure. A portion of the solid r sidue 

s from the combined fractions 5-10 weighing 0.79 g wa? ^crystallized from 15 ml of absolute ethanol to yield 
0.71 g of pure 2-(3,4,5-trimethoxybenzoyl)-4,4-diethyHSOxazolidine-3 t 5-dione as a white solid: mp 107- 
108* C; IR (Nujol) 1802 (s, C = 0), 1755 (s, C = 0), 1692 (s, C=0), 1580 (s). and 708 cm" 1 (m, aromatic C-H 
bend), 'H NMR (60MHz, CDCIa) 5 7.02 (s, 2, aromatic C-H), 3.85 (overlapping singlets, 9, 0CH 3 ). 2.07 (q, 4, 
C-CHa). and 1.01 (t. 6, CH 3 ): high resolution MS Calc'd for: C17H21NO7: 351.1318. Found: 351.1319: MS 

10 mz (re!, intensity) 351 (9, M*) f 307. (4. M-C0 2 ). 195 (100). Elemental Analysis : Calc'd for: C17H21NO7; C, 
58/11: H. 6.03; N. 3.99. Found: C, 58.11; H, 6.09; N, 3.96 



Example 3 - 

15 

Preparation of 2-Benzoyl-4,4-diethylisoxazoiidine-3 t 5-dione 

A mixture consisting of 1.37 g (0.0100 mol) of benzohydroxamic acid, 10 ml of pyridine, and 100 ml of 
20 methylene chloride was prepared in a 250 ml round-bottom flask. The mixture was cooled in an ice bath 
and 2.00 g (0.101 mol) of diethyimalonyl chloride was added dropwise over a 15 minute period. The 
reaction mixture was stirred for one hour at room temperature after which time all the benzohydroxamic 
acid had dissolved. The solution was evaporated under reduced pressure, and to the residue was added 
100 ml of cold water. The insoluble viscous oil was rubbed with a glass rod to effect solidification, the solid 
25 was filtered and dried to give 1 .89 g (75.9%) of crude 2-benzoyl-4,4-diethylisoxazolidlne-3,5-dione: mp 76- 
79 *C. Recrystallization of 1.72 g of crude isoxazolidine-3,5-dione from 20 ml of absolute ethanol gave 1.56 
g of pure 2-benzoyl-4,4-diethylisoxazolidine-3,5-dione: mp 87-88° C (lit 87-88* C) G. Zinner and R. Moll, 
Arch. Pharm., 299, (6), 562-8(1966). CA 65 10575f; IR (Nujol) 1817 (s, C = 0), 1762 (s. C = 0). 1714 (s, C = 0) 
and 694 (s, aromatic C-H bend) cm" 1 ; NMR (acetone-ds) 5 7.46 (m, 5, aromatic C-H), 1.87 (q, 4, CH 2 ), 1.00 
30 (t, 6, CH 3 ). 



Example 4 - 

35 

Preparation of 2-(4-Methoxybenzoyl)-4 t 4-diethyllsoxazolidine-3,5-dione 

A mixture consisting of 1.67 g (0.0107 mol) of 4-methoxybenzohydroxamic acid, mp 158-159 "C (dec.) 
(lit. mp 156-157 *C (dec), Beilstein Handbook of Organic Chemistry, series H, vol 10, p. 170), 5 ml of 

40 pyridine, and 100 ml of methylene chloride was prepared in a 250 ml round bottom flask. The mixture was 
cooled in an ice bath, and 2.107 g (0.0107 mol) of diethyimalonyl chloride was added dropwise over a 15 
minute period with stirring. The reaction mixture was stirred for 2 hours at room temperature after which 
time all the hydroxamic acid had dissolved. The solution was extracted two times with 50 ml portions of 
water, three times with 50 ml portions of 5% hydrochloric acid, and two times with 50 ml portions of 5% 

45 sodium carbonate. The methylene chloride was dried (MgSO*) and evaporated to dryness under reduced 
pressure to give 2.19 g (70.4%) of crude 2-(4-methoxybenzoyl)-4» 4 -^iQthylisoxazolidine -3,5-dione as a solid 
residue. Recrystallization of the solid from absolute ethanol gave pure 2-(4-methoxybenzoyiHr4-diethylisox- 
azolidine-3,5-dione as a white solid: mp 116-118 *C; IR (Nujol) 1810 (s,C = 0), 1750 (s, C=0). 1690 cm" 1 
(s. C = 0); 'H NMR (400 MHz, CDCb) 7.83 (d, 2H) ( 6.98 (d, 2H), 3.89 (t. 3H), 1.95 (q, 4H), 1.01 (t 6H); High 

so resolution MS, calc'd for: C15H17NO5: 291.1102. Found: 291.1106. Anal. Calc'd for CisHi 7 NOs: C, 61.84; 
H, 5.88; N, 4.81. Found: C, 61.83; H, 5.76; N, 4.76. 



Example 5 - 

55 

Preparation of 2-(4-MethylbenzoylH^ i e^y^ s o x ^ olidine " 3 ' 5 " d ' one 
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B " R action of Acetone Oxime with Diethylmalonyl Chloride In the Pr sence of a Stoichiometric Quantity of 
Triethyiamine " ™ ~ ~~ ~ ~~ " ~" ~ " "~ ~ ~~ ~~ ~ °~™ — — 

The crude product was prepared by the general procedure described above. The viscous product 
5 residue was distilled under reduced pressure to give a fraction, bp 64-79 "C (0.30 torr) t and a fraction, bp 
75-106* C (0.30 torr). The higher the boiling fraction solidified on standing. It was recrystallized from 
petroleum ether to give 2.2-bis-[2-(4,4-diethylisoxa2olidine-3,5-dione)]propane (5b) as a white solid, mp 78- 
80*; IR (Nujol): 1845 (s), 1740 (s) cm" 1 ; UV (acetonitrile): max 223 nm ( € 8540); 1 H NMR 
(deuteriochloroform): 5 2.1 (s. 6 H), 1.9 (q, 8 H). 0.9 (t 12 H); mass spectrum m/z. Calc'd for CioHtsNOa - 
10 (M - CrhhoNOa): 198.1129. Found: 198.1133. Elemental Analysis : Caic'd for: Ci 7 H 2 gN 2 06: C. 57,61; H, 
7.39; N, 7.90. Found: 57.31; H, 7.46; N, 7.71. 

The lower boiling fraction was redistilled to given analytically pure 2-(2-propenyl)-4.4- 
diethylisoxazolidine-3,5-dione (4b), bp 64-66* (0.30 torr); IR (neat): 1830 (s). 1740 (s), 1655 (m) cm*- 1 ; UV 
(acetonitrile): max 226 nm (« 6840), 250 <c 5120); 1 H NMR (deuteriochloroform): 5 5.0 (s. 1H), 4.6 (s 1H), 
75 2.22 (s, 3H), 1.9 (q, 4H), 0.80 (t t 6H); mass spectrum m/z (rel. intensity): 197 (82) M*, 98 (39) 
(Et2C = C = 0*), 55 (100). Elemental Analysis : Calc'd for C10H15NO3: C, 60.90; H, 7.66; N, 7.10. Found: C, 
60.86; H, 7.88; N, 7.32. 



20 C. Reaction of Acetone Oxime with Diethylmalonyl Chloride In the Presence of Excess Triethyiamine 

The viscous product residue was distilled under reduced pressure to yield 4b, bp 65-68° C (0.32 torr), 
and a fraction, bp 71-1 18* C (0.32 torr) which solidified on standing. The solidified fraction was heated in 
petroleum ether. A small quantity of an insoluble solid containing 4,4-diethyisoxazolidine-3,5-dione was 

25 removed by filtration; 1 H NMR (deuterioacetone): 5 9-10 (br s); mass spectrum m/z. Calc'd for: C7H11NO3: 
157.0738. Found: 157.0737. The petroleum ether filtrate was cooled and filtered to yield pure 5b, mp 78- 
80 "C. The petroleum ether filtrate was concentrated in vacuo to give a small quantity of a viscous liquid 
containing 5b and dimethylketoximyl diethylmalonate; ! H NMR (deuteriochloroform): 5 2.10 (s), 2.00 (s). 1.92 
(s), 1.9 (m), 0.9 (m). The viscous liquid was treated two times with petroleum ether as described for 

30 dimethylketoximyl diethylmalonate. Integration of the resulting 1 H nmr spectrum indicated the presence of 
approximately 50% each of 5b and the dimethylketoximyl diethylmalonate. 



Example 2 - 

35 

Preparation of 2-(3,4 t 5-trimethoxybenzoylH«4-diethylisoxazolidine-3,5-dione 

A mixture consisting of 2.27 g (0.0100 mol) of 3,4,5-trimethoxybenzohydroxamic acid (recrystalized 
40 from absolute ethanol prior to the reaction), 5 ml of pyridine, and 100 ml of methylene chloride was 
prepared in a 250 ml round-bottom flask. The mixture was cooled in an ice bath, and 2.00 g (0.0101 mol) of 
diethylmalonyl chloride was added dropwise over a 15 minute period. The reaction mixture was stirred for 
one hour at room temperature after which time all of the hydroxamic acid had dissolved. The solution was 
extracted three times with 50 ml portions of water, four times 50 ml portions of 5% hydrochloric acid, and 
45 two times with 50 ml portions of 5% sodium carbonate. The methylene chloride solution was dried (MgSO*) 
and evaporated to dryness under reduced pressure to give 2.86g (81.5%) of crude 2-(3,4.5-trimethoxyben- 
zoylH.'Wietny^JSOxazolidine-S^ione as a solid residue: mp 103-106° C. Recrystallization of 2.72 g of the 
crude product from 20 ml of absolute ethanol gave 2.14 g of 2-<3,4 t 5-trimethoxybenzoyl)-4.^iethylisox- 
azolidine-3,5-dione: mp 107-109.5* C. 

50 

Purification of 2-(3 t 4,5-TrimethoxybenzoylH.^' etn y |isox ^ olldin ^ 3 >^ diQne ^y Flash Chromatography 

A sample of 2-(3,4,5-trimethoxyb nzoyl)-4.4-diethylisoxazolidine-3.5-dione (96.8% purity by HPLC) 
55 weighing 1 .00 g was dissolved in two ml of HPLC grade ethyl acetate. The resulting solution was placed on 
a 38.7 cm x 1 1 .0 cm (O.D.) chromatography column containing 200-425 mesh (type 60)A silica gel as the 
adsorbant The developing solvent was eiut d through the column under an ext rnal pressure of 5 psig 
which was obtained with the use of a cylinder of nitrogen gas. Fifteen fractions were collected in 100 ml 



13 



EP 0 321 090 A2 



be removed from the 1 H NMR spectrum. 



Experimental 

5 

Melting points and boiling points are uncorrected, infrared spectra were recorded on a Beckman 
Acculab 10 spectrophotometer. Ultraviolet spectra were obtained on a Beckman DBG spectrophotometer. 
'H NMR spectra were recorded on a Varian EM-360A spectrometer. Mass spectra were determined on an 
AEI-902 mass spectrometer at the Research Triangle Institute of Mass Spectrometry, Research Triangle 

w Park, North Carolina, U.SA; Elemental analyses were performed by Integral Microanalytical Laboratories. 
Raleigh, N.C. Acetone oxime, diethylmalonyl chloride, and malonyl chloride were purchased commercially. 
Dimethyimalonyl chloride was prepared by the procedure of S.B. Speck, X Am. Chem. Soc . 74 2876 
(1952). Ethyl ether was dried by distillation over lithium aluminum hydride. 

The following examples are provided to more fully illustrate the invention, but are not to be construed 

/5 as limiting the scope thereof. 



Example 1 - 

20 

Preparation of 2-(2-propenylH.4-diethyl-isoxazoiidine-3,5-dione and 2,2-bis-[2-(4,4-diethylisoxazolidine-3,5- 
dionei] propane: General Procedure for the Reaction of Acetone Oxime with Malonyl Chlorides 

A solution containing 3.65 g (5.00 mmole) of acetone oxime and 15.0 mmole of triethylamine in 150 ml 
25 of dry ethyl ether was cooled to 0-5* C with stirring. A solution of 5.00 mmole of the malonyl chloride in dry 
ethyl ether was added dropwise over 1 hour. Stirring was continued for 1 hour at 0-5* C. The precipitate of 
triethylamine hydrochloride was removed by filtration, and the filtrate was concentrated in vacuuo to yield 
the product residue. The ether filtrate was washed with 10% hydrochloric acid to remove the excess 
triethylamine and dried over anhydrous magnesium sulfate prior to concentration. 

30 

A. Reaction of Acetone Oxime with Dimethymaionyl Chloride 

The crude product was prepared by the general procedure described above. The product residue was 

3S heated in 65 ml of hot cyciohexane. The hot solution was decanted from an insoluble oil and cooled in the 
freezer. The white precipitate was removed by filtration and heated in 15 ml of petroleum ether. The 
insoluble solid was filtered to give 2% of 4,4-dimethylisoxazolidine-3 t 5-dione (6a) as a white solid, mp 106- 
109' C: G. Zinner. H. Ruthe, and D. Bose, Pharmazie, 29, 16 (1974); 'H NMR (deuterioacetone): 59.45 (br s, 
1 H). 1.44 (s. 6 H); mass spectrum m/z. Calc'd for C5H7NO3: 129.0425. Found: 129.0428. The petroleum 

40 ether filtrate was cooled and filtered to remove pure 2^bis-(4 1 4-dimethyiisoxazoiidine-3,5-dione)propane 
(5a) as white crystals, mp 114-116*; IR (nujol): 1830 , 1760 (s), 1710 (s) cm" 1 ; UV (acetonitrile): max 222 
nm ( c 5200); 1 H NMR (deuteriochloroform): 5 2.33 (s, 6 H), 1.73 (s. 12 H); mass spectrum m/z. Calc'd for 
C3H.2NO3 (M -CsHsNOa): 170.0816. Found: 170.0816. Elemental Analysis : Calc'd for: Ci 3 Hi8N 2 0 5 : C, 
52.35: H. 6.08; N, 9.39. Found: C, 52.13; H, 6.05; N. 9.37. 

45 The petroleum ether filtrate was evaporated in vacuo to give a small quantity of viscous liquid 
containing 5a and dimethylketoximyl dimethylmalonate: 'H NMR (deuteriochlorform): 52.33(s), 2.00(s), 1.92- 
(s), 1.73 (s). Treatment with a few ml of petroleum ether dissolved most of the viscous liquid. The mixture 
was filtered to remove a small quantity of 5a and concentrated in vacuo. The process was repeated. 
Integration of the 1 H nmr spectrum of the resulting viscous liquid indicated the presence of approximately 

50 50% each of 5a and dimethylketoximyl dimethylmalonate. The cyclohexane filtrate was concentrated in 
vacuuo to a yellow viscous liquid. Distillation of the liquid gave 13% of 2-(2-propenyl)-4,4-dimethylisox 
azolidine-3,5-dione (4a) as a colorless liquid, bp 51-72* C (0.40 torr). Redistillation gave analytically pure 4a. 
bp 55-57* C (0.35 torr); IR (neat): 1830 (s). 1735 (s) cm"'; UV (acetonitrile): max 258 nm ( € 7320). 226 (« 
7200); -H NMR (deuteriochloroform): 5 4.9 (s, 1 H), 4 ; 1 (s. 1 H), 2.15 (s. 3 H). 1.4 (s, 6 H); mass spectrum 

55 m/z frel. intensity): 169 (89) M*. 70 (97) Me 2 C = C = 0'", 55 (100). Elemental Analysis: Calc'd for C 8 HiiN0 3 : 
C! 56.79; H, 6.56; N, 8.28. Found: C, 56.55; H. 6.72; N. 8.1 1 . 
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caJly acceptabl salts of certain compounds of general formula (I), using conventional methods. 



W 



15 



Reaction Products of Acetone Oxime with Dialkylmalonyl Chlorid s 

Acetone oxime reacted with dialkylmalonyl chlorides, which included dimethylmalonyl chloride and 
diethylmalonyl chloride, in the presence of triethylamine at 0*C to give as products 2-(2-propenyl)- 
isoxazoiidine-3.5-diones including 2-(2-propenylH.4-dimethylisoxazolidine-3,5-dione (4a) and 2-(2-pro- 
penyl)-4 t 4-diethylisoxazo!idine-3,5-dione (4b), and 2,2-te-[2-(isoxazolidine-3.5-dione)]propanes. including 
2.2-bis-{2-(4 f 4-dimethylisoxa20lidine-3.5-dione)]propane (5a) and 2.2-bis-[2-(4,4-diethynsoxa20lidine-3,5- 
dione)]propane (5b). Formed as minor products were 4,4-dimethylisoxazolidine-3.5-dione (6a). and 4,4- 
diethylisoxazolidine-3.5-dione. Table I lists the precent yield data for the products that were isolated. The 
present yields of both 4b and 5b were significantly increased when the reaction between acetone oxime and 
diethylmalonyl chloride was carried out in the presence of excess triethylamine. 

Table I 



20 



25 



30 



35 



40 



Products 
Isolated from the 

Reaction of 
Acetone Oxime 

with 
Dialkylmalonyl 
Chlorides 



product 



4a 
4b 

5a 
5b 

6a 



yield, % 



13 a 
6 a 
23 b 
21 a 
22 a 
51 b 

2 a 



^he reaction 
was carried out 
with a 

stoichimetric 
quantity of 
triethylamine. 
*The reaction 
was carried out 
with a 50% 
excess of 
triethylamine. 



so 



55 



The structures of the 2-{2-propenyl)isoxazolidine-3,5-diones and 2,2-bis-[(2-isoxa2otidine-3,5-dione)- 
Jpropanes followed from their spectral and elemental analyses data. The 2-(2-propenyl)isoxazolidine-3,5- 
diones gave abundant MS molecular ion peaks. The 2^-bis-[2-(isoxazolidine-3,5-dione)]propanes did not 
show MS molecular ion peaks but showed instead in the high mass region peaks resulting from alpha- 
cleavage of an isoxazolidine-3,5-dione radical from the central carbon atoms of the molecular ions. The UV 
spectral data for 4a and 4b represent the first reported UV data for isoxazolidine-3,5-diones. The 
compounds absorbed at max (acetonitrile) 222 nm and 223 nm, respectively. 

Compound 6a was isolated as a white crystalline solid. It has been previously r ported. 4,4- 
Diethyiisoxazolidine-3 f 5-dione was obtained in low yield as part of a mixture with 5b. Its presence in the 
mixture was indicated by mass spectrometry which showed m/z 157.0737 (M*) and by *H NMR spec- 
troscopy which show d its NH bond as a broad singlet at 59-10. Extraction of a methylene chloride solution 
of the mixture with aqueous sodium carbonate caused the NH peak of 4.4-diethylisoxazolidine-3,5-dione to 
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wherein R 7 , R 8 and R 9 are as defined above, are formed by the method of process (A) described above by 
the reaction of a compound of formula (III), as defined above and provided that R 1 and R 2 ar not both 
hydrogen, with a compound of formula (IX): 

R 8 R 7 

R 9 CH i*=NOH (IX) 



wherein R 7 , R 8 and R 9 are as defined above, in an excess of base (e.g. 50% molar excess relative to the 
compound of formula (III). 

According to a still further aspect of the invention, there is provided a process (D) in which the 
compounds of general formula (I), wherein R 3 represents a group: 



75 




<CH 2 )n 

20 

wherein n is as defined above, are fomred by the method of general process (A) described above by the 
reaction of a compound of formula (III), as defined above and provided that R 1 and R 2 are not both 
hydrogen, with a compound of formula (X): 

ss H 2 C _C=»NOH 

Vh 2 )^ < X > 

wherein n is as defined above, in a stoichiometric amount of a suitable base (e.g. relative to the compound 
30 of formula (III)). 

According to a still further aspect of the invention, there is a process (E) in which compounds of general 
formula (I), wherein R 3 represents a group: 



O 



35 




o 



wherein R 10 , R", R 12 and R 13 are as defined above, are formed by the reaction of general process (A) by 
the reaction of a compound of formula (III), as defined above and provided that R 1 and R 2 are not both 
45 hydrogen, with a compound of formula (DC), as defined above, or with a compound of formula (X). as 
defined above, in an excess of a suitable base (e.g. 50% molar excess relative to the compound of formula 
(III)). 

Compounds of formulae (III), (IV), (VI), (VH), (VIII), (IX) and (X) are well known in the art. either being 
commercially available or their preparation having been previously described, 
so The reaction product may be separated from the reaction mixture which may contain, for example, 
products of minor cross-reactions, by a variety of conventional separation procedures including extraction 
with acids and/or bases, recrystallization, column chromatography and high-performance liquid chromatog- 
raphy (HPLC). 

Pharmaceutical^ acceptable salts of a number of the compounds of general formula (I) may be 
55 prepared by reacting a compound of gen ral formula (I) with an appropriate acid or base in the presence of 
a suitable solvent such as acetonitrile, acetone, chloroform, ethyl acetate or an alcohol, e.g. methanol, 
ethanol or isopropanol. 

Pharmaceutically acceptable salts may also be prepared from other salts, including other pharmaceuti- 
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5 




(HI) 



wherein each of X 1 and X 2 , which may be the same or different, is a readily displaceable atom or group 
such as a halogen atom, e.g. chlorine or bromine, or an alkoxy group, e.g. methoxy or ethoxy, and R 1 and 
R 2 are as defined above, with a compound of formula (IV): 

R3' - NH - OH (IV) 

wherein R 3 ' is as defined above. 

The reaction is preferably carried out in the presence of an organic base, e.g. a tertiary organic base 
such as a tri-(loweralkyl)amine (e.g. triethylamine), or pyridine. The base may be used in excess (for 
example, 50% molar excess relative to the compound of formula (III)). 

It is desirable that the reaction be carried out in a solvent or solvent mixture, for example, one selected 
from hydrocarbons (e.g. cyclohexane) halogenated hydrocarbons' (e.g. methylene chloride), ethers (e.g. 
diethyl ether), or mixtures of these solvents. A particularly preferred solvent is diethyl ether. 

The reaction conveniently may be carried out at a temperature of between -10* C and the boiling 
temperature of the reaction mixture, for example in the range -10* C to +80* C. 

According to a further aspect of the invention, we provide a process (B) in which compounds of the 
general formula (II), wherein R\ R 2 and R 3 ' are defined as above, except that additionally R 3 ' does not 
represent hydrogen, aryl or substituted aryl are formed by reacting a compound of formula (V): 



30 



35 




wherein R 1 and R 2 are as defined above, with a compound of formula (VI): 
40 RS-N = C = 0 (VI) 

wherein R 5 is as defined above, in the presence of a suitable base; or with a compound of formula (VII): 
Z-COiR* (VII) 

45 

wherein R 6 has the same meaning as R 4 and Z is a readily displaceable atom or group such as a halogen, 
e.g. chloride or bromide, in the presence of a suitable base. 

Compounds of formula (V) are prepared as previously described by reacting a compound of formula (ill) 
wherein X 1 , x?m R 1 and R 2 are as defined above, with a compound of formula (VIII): 

50 

NH 2 -OH (VIII) 

or a suitable acid salt of formula (VIII). The reaction is preferably carried out in the presence of a suitable 
base, such as pyridine. 

55 According to another aspect of the invention, there is a process (C) in which compounds of the general 
formula (I), wherein R 3 represents a group: 
•CR 7 =CR 8 R 9 
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hydroxybenzoates or sorbic acid. Suitably, a 1% aqueous solution of carboxymethylcellulose may be 
employed. 

The compound of formula (I), or its pharmaceutical ly acceptable salts, may also be formulated as 
suppositories, e.g. containing conventional suppository bases such as cocoa butter or other glycerides. 
5 For buccal administration, the composition may take the form of tablets or lozenges formulated in 
conventional manner. 

The compound of formula (I) and its physiologically acceptable acid addition salts may be formulated 
for parenteral administration by injection or continuous infusion and may be presented in unit dose form in 
ampoules, or in multi-dose forms with an added preservative. 
70 The compositions may take such forms as suspensions, solutions, or emulsions in oily or aqueous 
vehicles, and may contain formulatory agents such as suspending, stabilizing, and/or dispersing agents. 
Alternatively, the active ingredient may be in powder form for constitution with a suitable vehicle, e.g. 
steriie. pyrogen-free water, before use. 

It will therefore be appreciated that the compounds of formula (I), or their pharmaceutical^ acceptable 
75 salts, may be used in the manufacture of a medicament for the treatment of human or animal subjects 
suffering from hyperiipidemia. 

lsoxazoiidine-3,5-diones substituted at position 2 are cyclic N-substituted analogs of hydroxamic acids. 
They are generally prepared by the reaction of N-substituted hydroxylamines with either malonyl chlorides 
in the presence of an organic base or malonate esters. 
20 Accordingly, the compounds of formula (I) and pharmaceutical^ acceptable salts thereof may be 
prepared as described below. 

According to the general process (A), compounds of the formula (II) 



25 



40 



50 




(ID 



30 



wherein R 1 and R 2 are as defined above and R 3 ' is the same as R 3 except that R 3 ' does not represent 
-CONHR 5 or C0 2 R 6 where R 5 and R 6 have the same meaning as R 4 , or a group -CR 7 CR 8 R 9 wherein R 7 , 
35 R 3 and R 9 are as defined above, or a group; 

-C= =.CH 

«*2>/ 



wherein n is defined as above, or a group: 




55 



wherein R ,Q , R 1 \ R ,a and R 13 are as defined above, may be prepared by reacting a compound of formula 
(HI): 
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As used herein, the term "acyloxy" is intended to include a group of formula R l6 C0Owherein R 16 
includes a hydrogen atom or an optionally substituted lower alkyl, cycloalkyl or aryl group. 

The term "alkenyi" refers to groups having at least one double bond and includes cycloalkenyl and the 
group -CR 7 = CR 8 R 9 , wherein R 7 , R 8 and R 9 are hydrogen, lower alkyl, substituted lower alkyl, cycloalkyl, 
5 substituted cycloalkyl, aryl, or substituted aryl. 

Preferred compounds from within the class defined by formula (I) are those where R 1 and R 2 are the 
same and are lower alkyl, preferably Ci to Cs alkyl, and most especially ethyl. 

An especially preferred class of hypolipidemic agents are the 2-benzoly-4,4-dialkylisoxazolidine-3,5- 
dione compounds where the phenyl ring may preferably be substituted with one or more lower aikyl or 
w lower alkoxy substituents or halogen atoms. Preferred compounds include those where R* in the group 
-COR 4 is trimethoxyphenyl, dimethoxy phenyl, methoxy phenyl, methyiphenyl, chlorophenyl or phenyl. 

Yet another group of preferred compounds include those where R 3 is an alkenyi substituent 
-CR 7 =CR 8 R 9 , where R 7 is methyl or phenyl and R 8 and R 9 are both hydrogen. 

Thus, within the class of agents depicted by formula (I) the following compounds are contemplated 
75 agents: 

2-(2-propenylHt4-diethylisoxazolidine-3,5-dione; 

2-(2-propenylH.4-dimethylisoxazolidine-3,5-dione; 

2-<2-butenyl)-4-ethylisoxazolidine-3,5-dione; 

2-(2-propenyl)-4,4-diphenylisoxa20lidine-3,5-dione; 
20 2-(1-phenylethenyl)-4,4-diethylisoxazolidine-3,5-dione; 

2-(1-phenylethenyi)-4,4-di(3-chloropropyl)isoxa2olidine-3,5-dione; 

2-(1-phenethenyl)-4,4-dimethylisoxazoiidine-3,5-dione; 

1 , 1 -bis-[2-(4,4-diethy lisoxazoiidine-3,5-dione)]cyclohexane; 

1 ,1 -bis-[2-(4,4-dimethy lisoxa2olidine-3,5-dione)]cyclo-hexane; 
25 2-(3,4,5-trimethoxybenzoyl)-4.4-dlethylsioxa2olidine-3,5-dione; 

2-(3,4,5-trimethoxybenzoyl)-4 t 4-dimethylisoxazolidine-3,5-dione; 

2-(3,4,-dimethoxybenzoyl)-4,4-diethylisoxazolidine-3,5-dione; 

2-(3,4,5-dimethoxybenzoyl)-4,4-dimethylisoxazolidine-3,5-dione; 

2-benzoyl-4,4-diethyiisoxazolidine-3,5-dione; 
30 2,2-bis-[2-(4,4-diethylisoxazolidine-3,5-dione)]-propane; 

2-(4-methoxybenzoyl)-4,4-diethylisoxazolidine-3,5-dione; 

2-(4-methylbenzoyiH,4-diethylisoxazolidine-3,5-dione; and 

2-(4-chlorobenzoyl)-4,4-diethylisoxazolidine-3.5-dione. 

For those compounds of Formula (I) which can be converted into pharmaceuticaily acceptable salts, the 
35 salts may be used. These salts may be acid addition salts formed from inorganic or organic acids, e.g. 

hydrochlorides, sulfates, phosphates, benzoates or acetates, or salts formed with bases, e.g. alkali metal 

salts such as sodium or potassium salts. 

The amount of hypolipidemicaily active compound as defined by Formula (I) which is required for the 

treatment of patients suffering from elevated lipid levels will vary with the route of administration, the 
40 condition of the patient under treatment and is ultimately at the discretion of the attending physician. 

However, a suitable dose of the active compound is in the range of from about 1 to about 100 mg/kg body 

weight per day; preferably from about 4 to about 16 mg/kg daily. Thus, for example, when administered to 

man (of approximately 70 kg body weight) in multiple daily doses, e.g. four times daily, a typical unit or 

sub-dose of the active compound is about 150 mg. 
45 The form of the dose is not critical and may be formulated for oral, buccal, parenteral or rectal 

administration or in a form suitable for administration by inhalation or insufflation. Oral administration of the 

agent is preferred. 

Tablets and capsules for oral administration may contain conventional excipients such as binding 
agents, for example mucilage of starch or polyvinylpyrrolidone; fillers, for example, lactose, microcrystalline 

so cellulose or cornstarch; lubricants, for example, magnesium stearate or stearic acid; disintegrants, for 
example, potato starch, croscarmellose sodium or sodium starch glycollate; or wetting agents such as 
sodium lauryl sulphate. The tablets may be coated according to methods well known in the art. 

Oral liquid preparations may be in the form of, for example, aqueous or oily suspensions, solutions, 
emulsions, syrups or elixirs, or may be presented as a dry product for constitution with water or another 

55 suitable vehicle before use. Such liquid preparations may contain conventional additives such as suspend- 
ing agents, for xampi . sorbitol syrup, methyl cellulose, glucose/sugar syrup or carboxymethyl cellulose; 
emulsifying ag nts, for example, sorbrtan mono-oleate; non-aqueous vehicles (which may include edible 
oils), for example, propylene glycol or ethyl alcohol; and preservatives, for example, methyl or propyl p- 
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As referred to herein, "hypolipidemic activity" refers to the ability of the compounds of formula (I) to 
lower levels of cholesterol and/or triglycerides in mammals to which the compound is administered, in 
particular, levels in serum and in blood vessel walls such as the aortic walls. 

The synthesis of a number of the isoxazolidine-3,5-diones has been described in the literature. For 

5 example, the synthesis of N-benzoyl-4,4<iiethylisoxazolidine-3,5-dione has been described by G. Zinner 
and R. Moll, Arch. Pharm., 299, (6), 562-8 (1966) CA 65:10575f . Likewise, N-acetylisoxazolidine-3,5-dione 
has been studied with regard to its polymerization. A. B. Richon et al, J. Med. Chem. 25, (6) 745-7 (1982) 
(Ring 33241 X) and K. Rehse et al, Arch. Pharm. 319 , (2) 133-407(1986) (Ring "86-30095) discuss 
isoxazoiidine-3,5-diones lacking a N-acyl substituent as aldose reductase inhibitors and anticoagulants, 

10 respectively. However, no suggestion has been made in this literature reference with regard to any 
hypolipidemic activity of the isoxazolidine-3,5-dione compounds. 



Detailed Description of the Invention 



15 



We have found that the isoxazolidine-3,5-dione compounds of formula (I) above effectively lower serum 
and aortic wall lipids in mammals. The term mammals as used herein is intended in its normal sense, and 
hence is inclusive of not only mice, rats, dogs, cats, horses, pigs, sheep, cows and other animals, but 

20 humans as well. Through the use of the hypolipidemic agents of the present invention, we observed the 
inhibition of activity of the rate limiting enzyme of cholesterol synthesis (HMG CoA reductase) as well as the 
lowering of serum levels of the acyl CoA cholesterol acyl transferase (cholesterol ester), acetyl CoA 
carboxylase (fatty acid), sn glycerol-3-phosphate acyl transferase and phosphatidylate phosphohydrolase 
(triglyceride) and heparin induced membrane bound lipoprotein lipase (plasma). 

25 The hypolipidemic isoxazolidinediones of the present invention afford reduction in both serum choles- 
terol and triglyceride levels and in aortic wall cholesterol and can be used in lower dosage amounts than 
commercially available hypolipidemic agents such as nicotinic acid derivatives, clofibrate, cholestyramine 
and cholestipol. Through the use of the isoxazolidinedione agents of the present invention we have 
observed significant increases in HDL-cholesterol levels and reduced levels of VLDL and LDL cholesterol 

30 with an acceleration of lipid excretion in the bile via the feces. 

As used herein, the terms "lower aikyr and "lower alkoxy" are intended to refer to substituents of 1 to 
8 carbons and may be straight chain or branched. Preferred alkenyl groups include methyl, ethyl, n-propyl, 
iso-propyl, n-butyl or t-butyl, and are most preferably methyl or ethyl; and preferred alkoxy include 
methoxy, ethoxy, propoxy, or butoxy. and are more preferably methoxy. 

35 Exemplary of suitable cycloalkyl groups are cyclobutyl, cyciopentyl or cyclohexyi, and is preferably 
cyclohexyl. 

The terms "substituted alkyl" and "substituted cycloalkyl" are intended to refer to alkyl groups with at 
least one substituent wherein the alkyl group has 1 to 8 carbons and cycloalkyl groups substituted with at 
least one substituent wherein the cycloalkyl group has 4 to 10 carbon atoms. Substituents include, for 
40 example, alkyl. alkoxy, oxo, alkoxycarbonyl, halogen, nitro, aryl. carbamoyl, amino, amido. acyloxy, hydroxy, 
carboxy, alkylthio, sulfoxide, sulfone, thiol, sulfonyl, sulfano, phosphono and silyl. 

As used herein, the term "aryl" is intended to include an aromatic group containing 4 to 14 carbon 
atoms and optionally containing one or more heteroatoms selected from -0-, -S-, and -N-. Examples include 
phenyl, naphthyl, pyridyl, pyrimidinyl, pyrazinyl, triazinyl, thiazolyl, quinolinyl, benzimidazolyl, berv- 
45 zothiazolyl. or benzoxazolyl. A preferred aryl group is phenyl. 

The term "substituted aryi° refers to the presence on the aromatic ring of at least one substituent 
Substituents include, for example, lower alkyl. substituted lower alkyl, lower alkoxy, acyl, alkoxycarbonyl, 
halogen, nitro, carbamoyl, amino, amido, acyloxy, hydroxy, carboxy, alkylthio, sulfoxide, sulfone, thiol, 
sulfonyl, sulfano, phosphono and silyl. 
so "Halogen" and the prefix "halo" includes bromine, chlorine, fluorine and iodine atoms, and is preferably 
a chlorine or bromine atom. 

As used herein, the term "amido" includes a group containing 1 to 12 carbon atoms. Exemplary are 
formamido, acetoamido, propionamido, benzamido, furamido, phenylacetamido. and substituted derivatives 
thereof, such as chloracetamido, trifluoracetamido and nitrobenzamido. 
55 The term "carbamoyl" includes a group of formula -CONR 14 R 15 wherein R 14 and R 15 are each 
hydrogen, lower alkyl as defined above, aryl as defined above or, together with the nitrogen atom, form a 
saturated heterocyclic amino group which has 5 to 7 membered ring, optionally containing in the ring one or 
more atoms selected from the group consisting of -0-, -S-, -NH-, and -N(CH3)-. 
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is 



30 



35 



40 



45 



substituted aryl; a group -CONHR 5 where R s has the sam m aning as R 4 ; an alkoxycarbonyl group 
-CO2R 6 where R 6 has the same meaning as R*; an aJkenyi group -CR 7 =CR 8 R 9 where R 7 f R a and R 9 , 
which may be the same or different, have the same meaning as R\- a cycloalkenyl group 

-C CH 
(CH 2 )n 



where n is an integer from 3 to 8; or a group 




20 

where R 10 and R u have the same meanings as R* or together R 10 and R n form a C3 to C7 alkylene group, 
and R 12 and R 13 , which may be the same or different, have the same meanings as R 1 and R 2 provided that 
R 1 and R 2 are not both hydrogen. 

A number of the isoxazo!idine-3.5-dione compounds which may be used as hypolipidemic agents are 
25 new, and hence, as a further embodiment of the present invention there is provided a novel class of 
compounds. Specifically, isoxazolidine-3,5-diones having hypolipidemic activity and the structural formula: 



N R 3 




wherein R 1 and R 2 are each an alkyl of 1 to 4 carbons; 

R 3 is an aJkoxybenzoyl group containing from 1 to 3 alkoxy groups having from 1 to 4 carbon atoms, an 
alkylbenzoyl group wherein the alkyl group has from 1 to 4 carbons, a halobenzoyl group, or a group 




so where together R 10 and R" form a C3 to C? alkylene group, and R 12 and R 13 are each an alkyl from 1 to 4 
carbon atoms, 

the pharmaceutical^ acceptable salts, and mixtures thereof. Exemplary are 1 f 1-bis-[2-(4,4- 
diethyllsoxazolidine-3,5-dione)]cyclohexane; Z-ta^.S-trimethoxybenzoylH.^lethyiisoxazolidine-S.S-dione; 
2-(3,4-dimethoxybenzoylH.4-diethylisoxazolidine-3,5-dione; 2-{4-methoxybenzoyl)-4,4- diethyiisoxazolidine- 
ss 3.5-dione; 2-(4-methyibenzoyl)-4,4-diethylisoxazoiidine-3,5-dione; and 2-{4-chlorobenzoylH.4- 
diethylisoxazolidine-3,5-dione. Preferably, the compound is 2-(3,4,5-trimethoxybenzoyl)-4. 4 - 
diethylisoxazolidine-3,5-dione; 2-{4-methylbenzoyl)-4.4-diethylisoxazolidine-3,5-dione; or 2-(4-chlorobenzoyl)- 
4,4-diethylisoxazolidine-3,5-dione. 
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hyperlipidemia. the need remains for drugs having enhanced lowering effect on levels of certain lipoprotein 
lipids in the serum. 

Accordingly, the present invention provides a class of hypolipidemic compounds which, when admin- 
istered to mammals provide for a significant increase of the cholesterol content of the HDL fraction coupled 
with a desirable reduction of the cholesterol of the LDL fraction. Furthermore, the triglyc ride and neutral 
lipid content of the VLDL fraction, which carries these lipids to the tissues from the liver, are markedly 
reduced. 



70 Summary of the Invention 

The present invention provides for a method of controlling hyperlipidemia in mammals which comprises 
adminis-tering to a mammal an amount effective to control hyperlipidemia of a compound having hypo- 
lipidemic activity and the structural formula: 

75 



20 



25 



30 



35 



45 



50 



55 




N — R 3 

(I) 



wherein FT and R 2 , which may be the same or different provided both are not hydrogen when R 3 is an 
alkenyl or cycloalkenyl group, are selected from the group consisting of hydrogen; alkyl of 1 to 18 carbons; 
substituted alkyl of 1 to 18 carbons; cycloalkyl of 4 to 10 ring carbon atoms; substituted cycloalkyl of 4 to 
10 ring carbon atoms; aikoxy of 1 to 8 carbon atoms; amido; carbamoyl; acyloxy; alkoxycarbonyl; halogen; 
aryl and substituted aryl; or together R 1 and R 2 form a C 3 to C7 aikylene group; and 
R 2 is hydrogen; lower alkyl; substituted lower alkyl; cycloalkyl; substituted cycloalkyl; aryl; substituted aryl; a 
group -COR 4 where R 4 is hydrogen, lower alkyl, substituted lower alkyl, cycloalkyl, substituted cycloalkyl, 
aryl. or substituted aryl; a group -CONHR 5 where R 5 has the same meaning as R 4 ; an alkoxycarbonyl group 
-CO2R' where R 6 has the same meaning as R 4 ; an alkenyl group -CR 7 =*CR 8 R 9 where R 7 , R 8 and R 9 . 
which may be the same or different, have the same meaning as R 4 ; a cycloalkenyl group 

-C CH 
N (CH 2 )^ 



40 where n is an integer from 3 to 8; or a group 




where R 10 and R n have the same meanings as R 4 or together R 16 and R" form a C 3 to C 7 aikylene group, 
and R' 2 and R 13 . which may be the same or diff rent have the same meanings as R 1 and R 2 , provided that 
R- and R 2 are not both hydrogen, the pharmaceuticaily acceptable salts, and mixtures thereof. 

In addition, the present invention provides for pharmaceutical compositions, in particular for use in 
controlling hypertipidemia in mammals, which comprise, in combination with a pharmaceuticaily acceptable 
carrier, a hypolipidemically effective amount of a compound having hypolipidemic activity and a structural 
formula (!) as shown above and pharmaceuticaily acceptable salts thereof wherein R 3 is a group -COR 4 
where R 4 is hydrogen, lower alkyl. substituted lower alkyl, cycloalkyl, substituted cycloalkyl, aryl, or 
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PHARMACEUTICAL COMPOSITIONS AND METHOD OF TREATMENT 



BACKGROUND OF THE INVENTION 



5 Field of the Invention 

The present invention relates to N-substituted-isoxazoiidine-3,5-diones as hypolipidemic agents and 
methods for their use in controlling hyperiipidemia in mammals. Specifically, the present invention is 
directed to methods for controlling hyperiipidemia by treating mammals, especially humans, with a class of 
70 hypolipidemic agents selected from isoxazolidine-3,5-diones. 



Background of the Invention 

/5 Cholesterol is commonly found in ail the tissues and blood of mammals, especially humans. Manufac- 
tured in the liver and other cells as a substrate for other steroids and bile acid and a component in 
membrane synthesis, cholesterol and its metabolic products are normal constituents of bile. As will be 
appreciated, many familiar foods contain cholesterol, with some containing more than others. Maintaining 
proper levels of cholesterol in the body has become an important factor in today's diet, sinc9 medical 

20 science has proven that certain afflictions such as hypothyroidism, diabetes and the intake of foods having 
a high cholesterol content may result in high levels of cholesterol in the blood with related hyperlipidemic 
disease states. 

A condition which is associated with elevated levels of cholesterol, phospholipids, and/or triglycerides in 
mammals is commonly referred to as hyperiipidemia (i.e. as used herein, reference to hyperiipidemia is 

25 intended to be inclusive of both hypercholesterolemia and hypertriglyceremia, and hence, compounds 
having a hypolipidemic effect will exhibit activity to lower cholesterol and/or triglyceride lipid levels). 
Hyperiipidemia can lead to serious health problems such as artherosclerosis which may give rise to other 
cardiovascular disease states. Lipids occur in the blood mainly as cholesterol and triglycerides, with smaller 
amounts of phospholipids, fatty acids and fatty acid esters. While free fatty acids are bound to plasma 

ao albumin, the other lipids form complexes with proteins called lipoproteins. These differ in composition, size 
and density and include very low density lipoprotein (VLDL), low density lipoprotein (LDL) and high density 
lipoprotein (HDL) depending on the specific gravity of the apoprotein components of the fraction. Medical 
evidence points to the VLDL and LDL fractions as being associated with atherosclerosis. In contrast the 
HDL fraction appears to carry cholesterol from the walls of the blood vessels to the liver where it is 

35 processed and excreted in the bile. As hyperlipidemic states increase in atherosclerosis the VLDL and LDL 
cholesterol increases and HDL cholesterol decreases. Effective hypolipidemic agents need to reverse this 
ratio since clinical data indicate that high HDL cholesterol and low LDL cholesterol protects man from 
myocardial infarctions. Thus, it is highly desirable to treat mammals afflicted with hyperiipidemia so as to 
lower cholesterol content of the VLDL and LDL fractions and increase the cholesterol content of HDL 

40 fraction. 

Commercially available agents include nicotinic acid derivatives, clofibrate, cholestyramine, and choles- 
terol. A number of compounds have been proposed for treatment of hyperiipidemia in mammals. Examples 
include U.S. Patent No. 4,499,303 which describes the use of a novel class of N-benzylsulfamates, N- 
benzoylsulfamates, and benzoylsulfonamides as useful hypolipidemic agents. U.S. Patent No. 4,395,417 
45 proposes the use of cyclic imides, diones, reduced diones and analogs as useful hypolipidemic agents. 
Also orotic acid has been shown to decrease the plasma lipid level in rats. I.H. Hall et al.. J. Pharm. Sci., 74, 
759-64 (1985); I.H. Hall, G.H. Cocolas and W.L Williams, Jr., J. Pharm. Sci. , 73, 18-20 (1984). 

U.S. Patent No. 4,639,444 describes 3,5-dialkyl-4,6-diaryltetrahydro-2H-1 ,3,5-thiadiazine-2-thione deriva- 
tives as useful hypolipidemic agents. U.S. Patent No. 4,681,893 teaches that certain trans-6-[2-(3- or 4- 
50 carboxamido-substituted pyrrol-1-yl)alkyl]-4-hydroxypyran-2-ones and their ring open d acids are potent 
hypolipidemic agents. Likewise, U.S. Patent No. 4,351,844 describes hypocholesterolaemic lactone com- 
pounds and their free acids which are deriv d from the natural fermentation product mevinoiin. More 
recently, th control of hyperiipidemia through the use of a class of 4-pyrimidinecarboxylic acids has been 
described by Hall et al., J. Pharm. Sci , 74, 759 (1985). 

In spite of the numerous compounds and methods which have been proposed for the control of 
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•COjR s where R 6 has the same meaning as R 4 ; an alkenyl group -CR 7 =CR 8 R 9 where R 7 , R 8 and R s , 
which may be the same or different, have the same meaning as R 4 ; a cycioalkenyl group 



-C: 



*CH 



\ / 

(CH 2 ) n 



where n is an integer from 3 to 8; or a group 



Rio' rU 




where R'° and R 11 have the same meanings as R* or together R 10 and R n form a C 3 to C7 alkylene group, 
and R' : and R 13 . which may be the same or different have the same meanings as R 1 and R 2 , provided that 
R* and R 2 are not both hydrogen, the pharmaceutically acceptable salts, and mixtures thereof; and 
compounds and pharmaceutical compositions useful in practicing the method comprising the hypo- 
lipidemically active isoxazolidine-3.5-dione compounds and a pharmaceutically acceptable carrier. 
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R 1 Jc N R 3 



R 2- 6 



o 

' wherein R 1 and R 2 . which may be the same or different provided both are not hydrogen when R 3 is an 
jj| alkenyl or cycloalkenyl group, are selected from the group consisting of hydrogen; alkyl of 1 to 18 carb ns; 

substituted alkyi of 1 to 18 carbons; cycloalkyl of 4 to 10 ring carbon atoms; substituted cycloalkyl of 4 to 
O 10 ring carbon atoms; alkoxy of 1 to 8 carbon atoms; amido; carbamoyl; acyloxy; alkoxycarbonyi; halogen, 

aryl and substituted aryl, or together R 1 and R 2 form a C3 to C7 alkyiene group; and 
LU R 3 is hydrogen; lower alkyl; substituted lower alkyl; cycloalkyl; substituted cycloalkyl; aryl; substituted aryl; a 

group -COR* where R* is hydrogen, lower alkyl, substituted lower alkyl. cycloalkyl, substituted cycloalkyl, 

aryl, or substituted aryl; a group -CONHR 5 where R s has the same meaning as R\ an alkoxycarbonyi group 
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